. 2-D scattering pattern of a DF10 hydrogel after stretching at 8.4%/s to ~75% strain. The yellow dashed lines show (a) the azimuthal range for the sector averages (± 22°) (b) sector averages (± 2.5°) used to determine the scattering intensity as a function of azimuthal angle. Figure S2 . Comparison of the azimuthally averaged 1-D scattering pattern of a DF10 hydrogel before elongation using (i) all azimuthal angles with a comparison to the sector averages (± 22°) that are (ii) parallel and (iii) perpendicular to the stretching direction. The black curve is the best fit using the broad peak model. The fit parameters are almost indistinguishable in all three cases as expected for the isotropic sample. The error bars in the scattering data were omitted for clarity. Before extension, the distribution of nanodomains was isotropic, so A was independent of the azimuthal angle. Irrespective of strain rate, extension of the hydrogel reduced A due to decreased thickness that decreases the number of scatterers probed. At large strains, e.g., 45% and 75%, a maximum in scattered intensity at the azimuthal angle normal to the stretching direction is observed. This intensity difference can be correlated to the number density of scatterers probed by the beam. Either the FOSA nanodomains are less correlated along the stretching direction or there are less FOSA nanodomains present. This later case is consistent with the anisotropic change in D i ; an increase in D i will decrease the number density of scatterers and increasing strain rate leads to greater anisotropy in the amplitude of the correlation peak. This behavior is also consistent with the decreased volume fraction of FOSA domains from the fits to the HS model. The three stretched exponentials model is shown in Equation (S1)
where σ(t)/σ 0 is the normalized stress at time t, λ 1 , λ 2 and λ 3 are the characteristic relaxation time when the value of a single stretched exponential is 1/e, β 1 , β 2 and β 3 describe the relaxation time distribution, A 1 and A 2 are adjustable constants between 0 and 1. The fitted parameters are shown in Table S1 . Table S1 . Fitted parameters from three stretched exponentials.
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The Generalized Maxwell Model is shown in Equation (S2)
where c i = fractional contribution of the i th Maxwell model and  i = relaxation times. The
Maxwell element N = 1 to 5. The fitted curves are shown in Figure S9 and the fit parameters are
shown in Table S2 . should be 1 for the model to well represent the data. As shown in ∑ = 1 Table S2 , only when some very long relaxation time processes are presented in the fitting (N = 3 to 5), a reasonable fit occurs with .
≈ 1 Figure S9 . Fitted curves using Generalized Maxwell Model with residual stress and N = 1 to 5 on the stress relaxation data of DF10 after a 75% step strain. S-11
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